precipitate so obtained is redissolved in dilute NaOH, and brought to p H = 8.0, which has been found to be the p H value at which tryptic hydrolysis of keratose is most rapid. 1
Enzymes.--The enzymes used in this work were commercial samples submitted to this laboratory for test as possible bating materials. T h e y were used without any purification. The samples varied in strength from a v. s. 1'. pancreatin, the activity of which, measured on casein, was 7 Fuld-Gross units, to a purified trypsin of 333 FuldGross units. Out of all the samples examined, three, representing respectively a very weak, a moderately strong, and a very strong preparation, were employed for the work covered by this paper. The characteristics of these samples were as follows: 
Method.
The experimental method employed in studying the rate of digestion of keratose by enzymes is very similar to that used by Northrop a in his work with casein. The method is based upon the fact that keratose, like casein, is insoluble at its isoelectric" point, while its products of digestion are soluble. Starting with a known quantity of keratose, the fraction remaining undecomposed at the end of any given time may be determined gravimetrically, and the quantity of keratose digested determined by difference. This method has the great advantage, as pointed out by Northrop, that only the first step of the digestion is studied.
The stock solution of keratose is analyzed by precipitating a measured volume at pH = 4.1, filtering through tared filter paper, drying at 100°C., and weighing. From the analytical results, the volume of stock solution containing exactly 2.000 gm. keratose is calculated. This volume is placed in a liter flask with 100 cc. of the powerful citrate-phosphate-borate buffer solution (pH = 8.0) described by Northrop, and made up nearly to 1 liter. The flask is placed in the thermostat and allowed to come to the desired temperature; then the enzyme, dissolved in a little water, is added, the solution is made up to 1 liter, and welI Northrop, J. H., J. Gen. Physiol., 1922-23, v, 264. shaken. 100 cc. aliquots are removed immediately after adding the enzyme, and at suitable time intervals thereafter. The undigested keratose is precipitated at pH = 4.1 by running each aliquot into 50 cc. of a sodium acetate-acetic acid buffer, pH = 3.6, N/2 in acetate ion. The precipitate is allowed to settle, filtered through a tared paper, washed four times with very dilute HC1 (pI-I = 4.1), dried, and weighed. The difference between the initial weight of keratose and that obtained after any given time interval gives the weight of keratose digested in the interval. Suitableblanks were run, and corrections made for insoluble matter added with the enzyme, and for keratose digested in the absence of the enzyme. This last correction is negligible at the temperature employed for these experiments.
The temperature employed was 35°C., 4-0.05 °.
Tests showed that the buffer employed kept the pH value constant to within 0.1 pH unit during the course of the digestion.
Bacterial action was inhibited by the use of thymol.
Calculations.--The per cent of the total.keratose digested in different time periods was plotted against time for each series, and a smooth curve drawn through the points. Fig. 1 shows a set of such curves, obtained with the three enzymes employed in this work. It is seen that most of the points lie on or close to the curves, indicating that the percentage error is small for work of this type.
The percentages digested at appropriate time periods were read off the smoothed-out curves, and employed in the calculations.
Order of Reaction.--By the method outlined above, the rate of digestion of keratose was determined, using the three enzyme specimens under investigation. The quantity of enzyme added was so adjusted that digestion took place at approximately the same rate in all three cases. The experimental data was plotted (Fig. 1) , and values for the per cent keratose digested were read off at appropriate time intervals. The velocity constant of the reaction was calculated, using the equation for a monomolecular reaction
placing a --1 and x --the fraction of the total keratose digested in t hours. Briggsian logarithms were used.
The results of these calculations are presented in Table I , and are plotted in Fig. 2 . It will be seen that for Enzyme No. 2, the weakest enzyme employed, the values obtained for k~ are practically constant during the first 60 per cent of the reaction. In other words, the digestion does follow the course of a reaction of the first order. With No. 6, which is some 7 times as strong as No. 2, the values obtained for kl drop off rapidly, and with No. 9, a preparation having 30 times the activity of No. 2, the rate of decrease of kl is very rapld,--the "constant" falling off to about one-fourth of its initial value when the reaction is little more than half completed.
In Fig. 2 , kl is plotted as a function of the fraction of substrate digested. For the ideal reaction of the first order, the plot would be, obviously, a horizontal line. This condition is closely approached with Enzyme No. 2. With No. 6, and still more with No. 9, the departure of kl from constancy is sufficiently apparent.
It is significant that the plots of kl as a function of fraction decomposed are straight lines. This means that k l decreases in value in proportion to the amount of proteose hydrolyzed, and not in proportion to the length of time elapsed since the beginning of the reaction.
Inactivation of Trypsin.--The failure of an enzyme reaction to obey the law of mass action is commonly ascribed to progressive inactivation of the catalyst while the reaction is taking place. Two types of inactivation have been distinguished,--(1) a spontaneous, irreversible destruction of the enzyme that occurs in solution whether or not the enzyme acts on a substrate; and (2) a reversible "inhibition," due to combination between the enzyme and the products of the reaction. Northrop* has shown that an equilibrium, governed by the law of mass action, is set up between free trypsin and "inhibitor," on the one hand, and the complex "trypsin-inhibitor" on the other. Only the free trypsin can undergo spontaneous inactivation. The author's findings may be explained on very similar grounds.
We may assume that, in the solid state, trypsin exists in combination with some inert substance. Let us further assume that this combination, which we shall designate by the formula Enln, dissociates in solution in a manner analogous to the dissociation of a weak acid or base. The amount of active enzyme, En, existing at any time will then be fixed by the relation [Enl = [Enlnl/(k~ [Inl) where kd is the dissociation constant, and the bracketted symbols indicate concentrations.
Let us further assume that during purification of an enzyme, the concentration of active enzyme with respect to the inactive carrier is greatly increased. In a very impure preparation, [In] will be large, and [En] correspondingly small. The preparation will then be one of low activity. On the other hand, the undissociated complex, Enln, will serve as a reservoir for En, more active enzyme being liberated as that present initially is used up by inactivation or combination with the products of the reaction. Thus [En] will remain practically constant during the course of the digestion. These are * Northrop, J. H., J. Gen. Physiol., 1921-22, iv, 227,245, 261. the conditions which exist when a very weak enzyme, such as No. 2, is used for protein digestion, and, as we have seen, the constancy of enzyme concentration during the course of the reaction is reflected in the closeness with which the hydrolysis follows the course of a first order reaction. 
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Fro. 3. Log k as a function of time.
In a highly purified enzyme, where the concentration of En is high with reference to the inert material, the complex EnIn will be largely dissociated at the start, and the preparation will manifest high activity. The free enzyme will, however, be inactivated or inhibited rapidly, and since no sufficient reservoir of combined enzyme exists, the concentration of active enzyme will diminish. Under such conditions, the rate of hydrolysis of the substrate must fall off more rapidly than would be predicted from the equation for a first order reaction. Such is the case with Enzyme No. 9.
The manner in which the velocity constant of the reaction falls off affords information as to the type of inactivation which the enzyme is undergoing. Northrop has shown that the spontaneous inactivation of trypsin follows the course of the monomolecular reaction. If kl is proportional to the quantity of active enzyme present, then (if the enzyme is decomposing spontaneously) log kl should be proportional to t, and the plot of log k~ against t should be a straight line. In Fig. 3 , log k~ has been plotted against t for the data obtained with Enzymes Nos. 6 and 9. It is plain that k~ does not fall off according to the equation for first order reactions. In the reversible inhibition of trypsin by combination with the products of digestion, the amount of enzyme inhibited is proportional to the fraction of substrate decomposed, and therefore k~ will be inversely proportional to x. That this is true in the author's experiments is shown by the fact that the graphs of kl against x are straight lines (Fig. 2) . This indicates that in these experiments the spontaneous inactivation of the enzyme is negligible, and that we are dealing chiefly with the reversible inhibition due to combination with the reaction products.
It is of interest to note that if the rate of inactivation of the enzyme happens to be the same as the rate of decomposition of the substrate, the course of the main reaction will apparently be that of a bimolecular reaction. This happens to be the case with Enzyme No. 6. The following values for the bimolecular reaction velocity constant, k2, were calculated from the familiar formula a [,, -xl)] from the data given in Fig. 1 With Enzyme No. 2, the corresponding values for k2 increase as the hydrolysis proceeds, while with No. 9 they fall off, indicating in the latter case that the enzyme is being used up at a relatively greater rate than the substrate.
SUMMARY.
The rates of digestion of keratose have been determined with three commercial enzymes, ranging widely in strength. It has been found that the weaker the enzyme preparation, the more nearly does the course of the hydrolysis conform to that of a reaction of the first order. This has been explained on the assumption that in solution an equilibrium exists between active enzyme, and enzyme combined with inert material. In very impure enzyme preparations, the large quantities of combined enzyme act as a reservoir for active enzyme, maintaining a constant concentration of active enzyme during the course of the digestion.
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